SUMMARY Measurements of monosynaptic reflex activity were made in 10 patients with spasticity before and during treatment with baclofen. There was evidence of both central sensory facilitation and increased fusimotor drive in untreated patients compared with controls. During treatment with baclofen, the central facilitation was reduced but there was no evidence of a reduction in fusimotor drive. The torque developed by vibration of the belly of the biceps and triceps muscles was not significantly different in 14 patients with spasticity compared with controls, and was not altered by treatment with baclofen despite clinical improvement in 12 of the patients. It is suggested that baclofen reduces the excitability of the monosynaptic reflex arc from dynamic spindles but does not affect the mechanisms responsible for the tonic vibration reflex.
Spasticity is characterized clinically by weakness of voluntary movement, increased muscle tone, and increased tendon reflexes. The increase in muscle tone during passive stretch is often 'clasp-knife' in character. Further disorders of reflex activity are manifested by the 'extensor' plantar response (dorsiflexion), which in severe cases may be part of a generalized flexion response in the lower limbs to stimulation of the skin of the foot or lower leg. Patients with severe spasticity frequently experience 'jumping' of the limbs or spontaneous clonus, and in addition may suffer painful reflex muscular contraction (cramps) in response to trivial sensory stimuli. These reflex disorders are difficult to quantitate. One of the principal physiological abnormalities in spasticity is an increase in gamma motoneurone activity, lowering the threshold of the muscle spindles to stretching of the muscle. Phasic reflexes involving velocitysensitive spindle organs and the monosynaptic reflex arc can be investigated clinically as indicated in the Figure. The amplitude of the compound muscle action potential associated with the ankle jerk (AJ) can be measured electromyographically and reflects both the mechanical sensitivity of 1 Present address: Department of Neurology, Division of Neurological Sciences, The London Hospital, London El 1BB.
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the spindle organ-that is, gamma motoneurone drive-and the central excitability of the monosynaptic pathway. The H response, a muscle action potential indicating reflex muscular contraction obtained by electrical activation of incoming fibres from the spindle organs, is independent of gamma motoneurone drive. The action potential of the dromically evoked muscle twitch is the M response. In patients with spasticity the AJ is increased relative to the H response, confirming the presence of increased activity in gamma motor neurones (Angel and Hofmann, 1963) . Although these measurements reflect the excitability of clinical tendon reflexes, they are a poor guide to the overall severity of spasticity in a given patient (Matthews, 1966) . Muscle spindles (in particular those with Ia afferents) may also be activated tonically by vibration of the muscle reflexly initiating a contraction that builds up over the course of 20-30 seconds while vibration is continued. This response has been called the tonic vibration reflex (TVR) and in some ways resembles the phenomenon of post-tetanic potentiation (Eklund and Hagbarth, 1966 tendon reflexes (Hagbarth and Eklund, 1968) and it has been suggested that the TVR, like the tonic stretch reflex, could result at least partly from polysynaptic activation of alpha motoneurones (Matthews, 1972) . Gamma-aminobutyric acid (GABA) has been shown to produce an inhibitory effect upon spinal neurones, producing membrane hyperpolarization similar to the actions of naturallyoccurring inhibitory transmitters (Curtis, Hosli, Johnston, and Johnston, 1968) . Baclofen is a derivative of GABA and was given to patients with spasticity by Bergamini, Riccio, and Bergamasco (1966) in the hope that the spinal neurones involved in spastic reflexes would be suppressed and that this would help the patients. This hope proved to be justified and a number of confirmatory clinical reports have appeared (Pederson, Arlien-S0borg, Grynderup, and Henrikson, 1970; Jones, Burke, Marosszeky, and Gillies, 1970; Hudgson and Weightman, 1971) . Electromyographic studies have shown that baclofen diminishes both the lengthdependent stretch reflex and, to a lesser extent, the velocity-dependent stretch reflex in the spastic quadriceps muiscle (Burke, Andrews, and Knowles, 1971) . The latter authors reported that clinical evaluation after treatment showed no change in the tendon jerks of their 10 patients, despite a reduction in clonus, and suggested that the discrepancy between the effect of baclofen upon tonic and phasic stretch reflexes could be explained if baclofen depressed all spinal synapses, a larger number of synapses being involved in tonic than in phasic stretch reflexes.
The purpose of the present study was to ascertain more precisely the effect of baclofen upon reflexes known to be initiated by velocitysensitive spindle organs ( Figure) -that is, monosynaptic phasic reflexes and the TVR. The reduction in clonus that occurs during treatment suggests that monosynaptic activity has been reduced. Secondly, if it is true that the TVR is a polysynaptic phenomenon, diminution of the TVR should be more pronounced than diminution of the phasic reflexes. Thirdly, a study of the effect of baclofen upon the reflex system shown in the Figure might Eklund and Hagbarth (1966) . The physical characteristics of the patients' limbs are also important in determining the torque developed during vibration: muscular arms, but more particularly arms with little subcutaneous fat, develop the greatest torques. The patients with spasticity were on average slightly smaller and lighter than the controls (Table 1) which could account for their slightly increased response to vibration compared with controls, the difference between the groups not being statistically significant.
The present study provides further information about the relationship between the stretch reflex, the tendon jerk, and the TVR in spasticity. Both the stretch reflexes and the tendon jerks are abnormal in spasticity, although the H/M ratio in itself is a poor guide to the severity of spasticity in a given patient (Matthews, 1966) . The torque generated by the TVR does not parallel the activity of tendon reflexes or stretch reflexes in spasticity (Lance, de Gail, and Neilson, 1966; Hagbarth and Eklund, 1968) . The TVR has been found to develop more rapidly than normal in patients with spasticity (Burke, Andrews, and Lance, 1972) which may reflect the increased excitability of the monosynaptic arc, but there is no evidence that the torque developed by the TVR is significantly increased in patients with spasticity. This is in contrast with the increased torques found in rigidity (McLellan, 1972 (McLellan, , 1973 . The inhibitory effect of baclofen upon the polysynaptic stretch reflex in spasticity is more pronounced than its effect upon the monosynaptic tendon reflexes (Burke et al., 1971 ). The present findings show that baclofen has no effect upon the strength of the TVR even in patients whose monosynaptic reflexes have been depressed.
In conclusion, the present observations indicate that baclofen reduces the amplitude of monosynaptic phasic reflexes by depressing the excitability of the reflex arc from velocitysensitive spindle organs. The TVR was not increased in spastic limbs despite the increased tonic and phasic stretch reflexes-that is to say, monosynaptic reflex excitability does not determine the strength of the TVR. Moreover, the TVR was unaltered by baclofen despite a decrease in tonic and phasic stretch reflexes, indicating either that baclofen does not reduce the activity of all spinal cord synapses as suggested by Burke et al. (1971) or that the TVR is not a polysynaptic phenomenon.
